Nickel and Megasites

e Nickel compounds are major contaminants in many
superfund sites

e Although Ni ions are required for certain enzymes in
bacteria and plants (Ureases, Dehydrogenases),
No known function in mammals.

e Certain Ni compounds that deliver Ni ions into cells,
are potently carcinogenic (nasal, lung cancers
etcat site of exposure)

o Adomribtibal toxicities include: contact

depression of lung function, and cardiovascular
effects.



Effect of 24 hr exposure of A549 Cells
to NICl, On Cell Colony Formation

Cell Colony Formation After Ni Treatment
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HIF-1 alpha protein levels at 5 hrs
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Persistent Stabilization of HIF - 1 alpha
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Prolyl Hydroxylase Regulates Hif-1 stability
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Lack of reversibility of Ni Inhibition of
HIF hydroxylation
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Requirement for Fe of PH2 (2ug protein)

OD (450 nm)

Log [Fe’*] M




=
=
S
0
I
o
@)

Inhibition of HIF-PHD2 and HIF-PHD3 by NISO,
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Biochemical assay performed according to Oehme et al. (2004) Anal. Biochem. 330, 74 - 80
6His-PHD3: expressed in insect cells, initially purified by incubation with DEAE-Sepharose
MBP-PHD2: expressed in E. coli, purified by affinity chromatography with Amylose Resin
MBP-PHD2: 2 ug 6His-PHD3: 20 ng (estimated)

Measurements were performed in triplicate and are show as mean values + SEM



Binding Constants of Metal lons to Immidazole
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Summary of Findings

e Transformation of Chinese hamster primary
embryo fibroblast by Nickel Compounds
Inactivated tumor suppressor gene by DNA
Methylation (Science 251:796--799 (1991)

e Carcinogenic Nickel compounds Induce
trangene silencing based upon the location
of the trangene near Heterochromatin
(mammalian cells) or a telomere silencing
In yeast. (Lee et al MCB 15 2547 1995)



Structure of Nucleosome

Blue: H3; green: H4; yellow: H2A; red: H2B

Luger K et al. Nature, 389:251



active/accessible inactive/condensed

&» A® Histone Code Hypothesis:
[H3] mrﬂn'rnnﬁnmzﬂpnxm. [H3] ARTKQT. HK_:TEEI{APHKGL Different combinations of histone
MGPRRRSAKPEAPRRRSPSP modifications, especially located
near or within a gene’s promoter,
may be VERY SPECIFIC to the

[H3] ARTKOTARKSTGGKAPRKOL
4 1

E [H3] ARTKQTARKST(iGKAPRKAL transcriptional state of that gene.

[H4) ﬂﬂgﬂgﬂﬁkﬂLﬂmﬂAKﬁHRK [H4] SORGKOOKGLAKGGAKRHAK
-]

Jenuwein and Allis, Science, August 2001.

Associated with active/accessible chromatin
H3K9 Acetylated

H3K14 Acetylated ADD IN DNA METHYLATION, AND THE

H3K4  (di-)Methylated TRANSCRIPTIONAL REGULATION

H4 Acetylated OF A GENE CAN BECOME VERY
COMPLEX!!!

Associated with inactive/condensed chromatin

H3KS Methylated

H3KS di-Methylated (inactive X-chromosome)

H3K27 tri-Methylated (inactive X-chromosome)

H3K9 tri-Methylated (pericentromeric heterochromatin)
H3K27 mono-Methylated (pericentromeric heterochromatin)
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Fig.1A. Ni decreases histone acetylation in A549 cells.
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Aiml
Fig.1B. Ni decreases histone acetylation in other cell lines.
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Table 1
Exposure to T5A reverted the ality of Mi-mansformed cells to grow mn
soft agar

MNi-transformed 0 ng/'ml TSA 5 ng'ml TSA 25 ng/ml TSA
clones
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L1.0#
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Nore. One nullion of the MNi-mansformed cells were seeded mito flasks
and exposed to 0, 3, or 25 ng/ml TSA for 24 h. The TSA contamnmg
mediim was removed and cells were mnsed three fimes wath saline A
Fresh mediim was added and the cells were allowed to grow to —B0%
confinence. The cultures were spht and the cells were seeded at a density
of 1 mullion cells agam. And cells were treated with T5A from a second
time. After third round of TSA exposure, cells were allowed to repopulate
the culfure prior to test for the ability of anchorage-independent growth m
soft agar. Results are expressed as a percentage of control {0 ng/'ml TSA
treatment group). Values are mean + SE. Asterisk indicates sigmficant
differences from that of control.

*F < 005

P < 0005, N = A




A549
Hypoxia Nickel 24 hr
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Summary of the Effect of
NI compounds on G9a and
H3K9 methylation

e Ni ions inhibited G9a activity and decreased its
presence in the nucleus (see poster by H. Chen)

e We have been working on Fe, Oxoglutarate,
ascorbic acid dependent H3K9 demethylase and 5-
methylctyosine- demethylase and have found
theseactivities in crude cell extracts. Ni ions are
effective inhibitors of these enzymes.

e These are new enzymes and further work on their
identification, purification and characterization
IS required.
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